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A flight investigation

SUMMARY

has been made on a lsrge swept-wing bo~er
airplane in rough air-at ~,000 feet to determine the effects of wing
flegibility on @ng bending and shear strains. In order to e%luate the
overall magnittie of the aeroelastic effects on the strains and their
variation with spanwise location, amplification factors defining the
ratio of the strains in rough air to the strains expected for a “rigid”
and “quasi-rigidt:airplane were determined. The results obtained indi-
cate that the aeroelastic effects are rather large, particularly at the
outboard stations. The effects of dynamic aeroelasticity appear to

. increase the strains from O to 170 percent depending upon the spanwise
station. On the other hand, the relieving effects of static aero-
elasticity appear to reduce the strain amplification in rough air by a*
significant amount.

INTRODUCTION

The stresses that develop in aircraft structures in f13ght through
turbulent air are, in many cases, strongly influenced by aeroelastic
effects. In the study of these aeroelastic effects, flight-test studies
have been made on several unswept-wing airplanes that have been classified
from “rather stiff” to “rather flexible” (refs. 1 to 4). Analytical
methods have also been developd in references 5 to 7 for calculating the
structural response of unswept-wing airplanes to atmospheric turbulence.
The results obtain=l in such calculations show good correlation with the
results of flight-test studies for the umswept-wing airplsnes so far
considered.

The response of swept-wing airplanes in rough air involves a number
of complications not present in the case of unswept-wing airplanes. These
complications me due principally to the increased importance of torsion
for swept-wing airplanes. This torsion in turn results in si~ficant
effects on both the airplane aerodynamics and stabilim. In addition, the
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airplsme tibratory modes msy no longer be approximated by simple beem-
bending theory but w require consideration of coupled ~ending-torsion
modes. Few experimental data exist on the character and magnitude of
these problems.

In view of the lack of experimental data on the mamy questions
involved in the behavior of a swept-wing airplsme in rough sir, a flight
investigation on a flexible swept-wing airplane was undertaken. The
general aim of this investigationwas to determine the magnitude of the
aeroelastic effects on the wing strains and the importance of the many
factors involved in the gust response. These results would then serve
to indicate the elements necess~ for a successful dynamic smal.ysisand
also serve to provide test data which would be useful for correlation
with theory.

The present paper describes the flight-test conditions and presents
the results obtained from the initial evaluations of the wing strain
measurements. The results presented sre principally limited to the
establishment of the overall character S@ magnitude of the dynead.c
flexibility or tibratory effects on the

SYMBOLS

% normal acceleration, g units

b airplsne wing span, ft

E

G

‘g

I

J

Y

P

modulus of elasticity, lb/sq in.

modulus of rigidity, lb/sq in.

.

K

wing bending and she& strains.

.

.

acceleration due to gravity, 32.2 ft/sec2

section moment of inertia, in.4

polar moment of inertia, in.k

,+
dynad.c pressure, ~, lb/sqft

true airspeed, ft/sec

distance along spa measured perpendicular to center line, ft

density of air, slugs/cu ft
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.
u root-mesm-square deviation

t3F. root-mean-square deviation for flexible airplane

% root-mean-square deviaticm for rigid airplane

AIRPLANE AND INSTRUMENTATION

A photograph of the test airplane is showm in figure 1. The only
chsmges in the configuration of the stsndsrd airplane were the tidition
of a boom that was faired into the nose of the airplane for measuring
flight speed and an external canopy mounted on top of the fuselage to
house some of the instruments. (See figs. lamd 2.) Some of the physical.
characteristics and dimensions of the airplane are listed in table 1.
The estimated w5ng and fuselage weight distributions for the tests are
given in figures 3(a) and 3(%), respectively. All the fuel is carried
in tanks located within the fuselage as shown in figure 3(b). Fig-
ure 3(c) shows the calculated wing bending stiffness distribution and
the experimental wing torsional stiffness distribution aa obtained from
the manufacturer. It should be noted that the wing stations in fig-
ures T(a) and 3(c) are measured along the elastic axis, whereas the
stations in all subsequent figures sxe measured perpendicular to the
airplane center line.

The basic instrumentation pertinent to the present paper consists
of the following:

(1) An NACA air-dsmped recording accelerometer (response flat to
about 10 cycles per second, accuracy AO.0125g) was mounted close to the
center of gravity of the airplsme ,tomeasure normal acceleration.

(2) Twenty-two NACA oil-damped accelerometers (response flat to
about 10 cycles per second, accuracy +0.02g) were located at the points
on the airplsne wing and fuselage shown in figure 2.

(3) Electrical wire-resistance strain gages connected as four active
gages in a bridge circuit were installed on the wing spars at the 10 loca-
tions shown in figure 2. The gages were not calibrated to messure actusl
load but served to give local strain indications only.

(4) An WA airspeed-altitude recorder provided a record of airspeed
snd pressure altitude.

(5) NACAcontrol position recorders recorded the aileron, rudder,
and elevator displacements. These records were used as a check against
the control movements being abrupt or large during the gust runs.
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The fib speed of the individual recorders was approximateely
1/2 inch per second, and the film speed of the oscill.ographsthat were
used to record the outputs from the strain gages snd oil-damped acceler-
ometers was approximately 1 inch per second.

.

●

In addition to the recording instruments, cameras operating at a
film speed of 1 frame every 2 seconds were focused on the fuel gages in
order to determine the airplane weight at any point during the flight.
&l_ recordings were correlated by means of an NACA l/10-s’econdchrono-
metric timer.

METHOD AND TESTS

Basic Approach

In the experimental determination of the effects of airplane flexi-
bility on wing strains in rough air, it has leen customary to compare
the strains in rough air with the strains caused by the ssme loadings
applied statically, such as those obtained in slow PW-UP maneuvers.

If the airplane flexibility does not seriously effect the airplane aero-
dynamic and stability characteristics, then this compmison provides a
measure of the effects of flexibility. This condition seems to have
been well approximated in esrlier studies (refs. 1 to 4). If, on the .
other hand, the airplane flexibility involves appreciable wing twist,
then this aeroelastic effect must also be considered. In the case of a

.

swept-wing airplane, such aeroelastic effects due to the twist associated .

with the wing bending tend to be lsz?geand complicate the evaluation of
the effects of flexibility.

The basic approach used in the present paper involves two types of
comparisons. First, the actual measured strains”in rough air are com-
pared with the strains obtained for the test airplane by the static
application of the same load. The strains for static’application of
loads axe obtained from slow pull-up maneuvers at the sue test condi-
tion. Since the effects of static aeroelasticity are reflected in both
the rough-air and pull-up results, this comparison provides a measure of
the purely dynsmic or vibratory effects of airplane flexibility. Second,
in order to obtain a measure of the effects of static aeroelasticity, the
strains in rough air me also compared with the strains obtained by the
static application of the same loads to a “rigid!;airplme, that is, an
airplsne enibodyingno static aeroelastic effects. Inasmuch as static
aeroelastic effects are a function of dynamic pressure, pull-up values
at low or zero dymsmic pressure are used to obtain the reference strains.
The difference between the strains in rough air and strains obtained at
the zero-dynsmic-pressurereference conditim provides a measure of the
conibineddynamic and static aeroelastic effects.
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In both the gust and msneuver cases, the average airplane accelera-
tion is used as a measure of the loading on the airplane. In the maneu-
ver case, the loading is slow; therefore, the acceleration is approxi-
mately the ssme throughout the structure and, thus, any local accekrtition
may be used as a direct measure of the loading. In the gust case, however,
vi.bratory modes are excited and the average airplane acceleration is
different from the acceleration at local points on the airplane. As a
consequence, the average airplane acceleration has to be approximated.
The procedure used for this purpose is indicated subsequently.

Rough-Air Tests

Strain and acceleration data were obtsLned during a &-minute test
run at a Mach number of approximately 0.63 and u altitude of about
Z Ooo feet fn cle=-afr t~b~ence ● me aver%e ai-~e wei@t W=
113,000 pounds (which is a low weight condition for this airplsme) and
the airplane center of gratity was located at about 20 percent of the
mean aerodynamic chord. The rough-air run was made with “hands off”
control; that is, mincw deviations of the airplane from the prescribed
altitude and heading were not corrected by the pilot, and large devia-
tions were corrected only by gradual control nmvements. This test pro-
cedure detiates from the conventional “stick free” case because the
power-boost control system used on this airplane causes the control
surfaces to be essentially “fixed” except for a pilot-controlled input.

Einooth-AirTests

In order to determine the strain indications per g for the various
gages under a quasi-steady loading condition, slow pfl-up msmeuvers were
made in smooth air before and titer the rough-air runs. Generally, these
pull-ups were made at a higher altitude than the’gust runs in order to
obtain smooth air. Since the dynamic pressure differed for these pull-
ups at the higher altitudes, runs were made at two Mch nunbers, 0.65
and 0.35, and at two altitudes roughly 10,000 feet apart. The fairly
wide range of dynsmic pressure which was covered permitted the establish-
ment of the variation in the strain indication per g tith dynsmic
pressure and also permitted the determination of the strain indication
per g at zero dynsmic pressure. This value serves as a useful rigid
reference value.

EVACUATION OF DATA AND RESULTS

As en indication of the general characteristics of the airplane
strain end acceleration responses in rough airy sections of the measured
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quantities for the rough-tir run =e shown in figure 4. The records
indicate the vibratory chsracter of the airplane response. In addition,
a nuniberof predominant frequencies are discernible in the various
strain end acceleration histories. Ssmples of the records obttined in
a typical pull-up sre shown in figure ~.~ In contrast to the rough-air ‘
records, the response in a pull-up is smooth and regular and shows no
evidence of the excitement of the airplane stzyctural modes; the quasi-
steady character of the’load application for the pull-up maneuvers is
thereby indicated.

The data-reduction procedure involved the fo310wing steps:

(1) An evaluation of the strains experienced in rough air

(2) An evaluation of the associated average
in rough air

(3) An eval-mtion of the steady strains per
pull-up maneuvers

The results obtained in the data-reduction steps

airplane acceleration

unit acceleration in the

(1) to (3) me then
used to obtain overall measures of the aeroelastic effects in the form
of amplification factors. The procedures used for each of these steps
and the results obtained are described in order in the following sec-
tions. The recorded quantities were evaluated at O.0~-second intervals
along the time histories. All records were read and processed with

-

automatic digital computing equipment.
P

Rough-Air Strains

In previous investigations, a “selected peak’ttype of evaluation
was used to present the data. (See, for exsrnplejref. 4.) In an evalua-
tion of this type, judgment was frequently necessary to match the peak
nodal acceleration and the associated peek strains. This difficulty may
be avoided by eliminating the timewise association snd compsri.ngdirectly
the overall strain time histories in terms of the number of peeks of a
given magnitude. Figure 6 shows the procedure used to obtain this count
of the nuniberof peaks. As shown in figure 6, only one peak is counted
between consecutive intersections of the trace with the trace position

—

for steady level flight. A threshold depending on gage sensitivity must
also be exceeded md, for the sketch of the record portion shown in fig-
ure 6, four readings at points a, b, c, and d were made. These peak
readings were then used to determine the cumulative frequency distribu-
tions. In addition to the determination of the cumulative peek distri-
butions, the time histories were used to obtain the root-mean-square
strains. . .

.
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Inasmuch as the strain per g under steady loads varied widely among
gages, a normalizing procedure was used in order to simplify comparisons
of the strain counts for different stations. The normalizing procedure
consisted of dividing all strain indications (record deflection minus
meem deflection) by the pull-up slope (Deflection/g) in steady pull-ups
for the individual gages. The resulting strain values are accordingly
converted to units of equivalent acceleration as was done in reference 4.
The cumulative distributions of strain peaks in acceleration units fm
the vsrious strain-gage stations are given in figures 7 snd 8 for both
the front-spar - resr-spar stations. l!lgure7 presents the bending-
strain results md figure 8 gives the shesr-strain results.

Average Airplane Acceleration in Rough Air

The determination of the average airplane acceleration for the gust
condition for the present airplane posed a number of probl~. ~ pre-
vious flight-test studies on unswept-wing airplanes (refs. 1 to 4), the
procedure was based on the use of the measured accelerations at the n&lal
points of the fundamental wing bending mode for the gust-loading condi-
tion. The location of the nodal point of the fundamental wing bending
mode in these cases was not difficult since the bending mode was usually
at a much higher frequency than the airplane short-perid mode. The
effects of the airplane higher vibrational frequencies at the nodal points
of the fundamental wing bending mode were usually evident and it was
necessary to eliminate them by fairing. For the present airplane, this
procedure did not seem feasible. Two difficulties arose: First, the
location of the nodes from the flight recordings of acceleration at var-
ious locations along the wing did not appear to be practical since the
fundamental wing bending frequency could not be clearly distinguished
from the airplane short-period pitching frequency. Second, a correction
to the wing accelerations for the airplane pitching motions would most
likely be reqyired because of the longitudinal.distance between the nodal
points of the swept wing and the airplane center of gratity.

An inspection of the records indicated that the acceleration at the
center of gravity would approximate the average airplane acceleration.
Go, from a consideration of the mass distribution of the airplane sad
the shape of the first mode in bending, the nodal points of the funda-
mental wing bending mode were expected to be fairly close inboard. A
short section of record was used as a check on the reliability of using
the acceleration at the center of gravity as a measure of the rough-air
loading. The procedure used was the averaging of the acceleration over
the entire airplane mass and was accomplishedby summing the products of
the local accelerations and associated masses and dividingby the total
mass of the airplane. Twenty-two local acceleration measuring stations
were used (six stations along the fuselage and 16 locations along the
front and rear spars of the wing as shown in fig. 2). The airplane
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.
mass distribution, as given in figures 3(a) snd 3(b).,waa subdivided In
such a way as to associate portions of the mass of both the wing emd
fuselage with the nearest accelerometer station. A time history of this
averaged airplane acceleration for approximately 10 seconds of rough-air
flight is shown in figure g(a).

*

—

—The center-of-gravity acceleration exhibited considerable high-
frequency “hash” of frequencies above ~ cycles per second associated
with the higher structural modes and not reflected in the airplane
acceleration. Consequently, these higher frequencies were faired as
illustratedby the semple record sections in figure g(b). The faired
center-of-gravity acceleration is also shown in figure g(a) for compar-
ison with the airplane acceleration. In general, good agreement is noted
in figure g(a) between the time histories of the faired center-of-gravity
acceleration and the airplane acceleration based on the 22 accelerometers,
although some discrepancy maybe noted for individual peaks. Comparison
of the overall counts of the peak accelerations made for the ssme samples
showed good agreement, however. The power spectrm of the faired normal
accelerate.m at the center of gravity was also determined and indicated
some effects of the first bending mode. However, these effects were
small and were estimated to yield a ~-percent increase in the accelera-
tion, which is considered negligible for present purposes. Accordingly,
the faired center-of-gravity acceleration was used as a direct measure
of the airplsme loads. Peak counts of the.faired center-of-gravity
accelerations were then made for the l-minute gust run in a manner simi- .

lsr to the counts of rough-air strain, as illustrated in figure 6. The
resulting cumulative distributions of fai.redcenter-of-gravity-acceleration
peaks are then given in figures 7 and 8 for comparison with the peak

v

counts of rough-air strain.

Pull-Up Maneuver Strains

As indicated in a previous section of this paper, the quasi-static
strain indications per g for slow pull-up tieuvers obtained at the

—

several stations along the wing varied considerably with dynamic pressure.
This vsriation was attributed to an inboard shift in center of pressure
of the additional load resulti~ from increasing load alleviation out-
bosrd due to wing twist as dynamic presswe increased.

The variation of strain indication with g was linesx for the
veri.ousgages and accordingly the slope was used as a measure of strain
indication per g for the individual pull-up maneuvers. A typical plot
of the strain indication per g against dynamic pressure is presented
in figure 10 for wing station 414. Each dattanpoint on the plot repre-
sents the slope of the strain variation with acceleration for a single
pull-up msneuver. Other strain-gege locations elong the wing give simi-
lsr results; some locations yielded somewhat more rapid variations of

—

.

.
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strain per g
been adjusted
shown plotted
gust run.

9

with dynamic pressure than others. The values have all
for slope change due to change in airplane weight and ere
in figure 10 for the average airplene weight during the

H the data for the two gages of figure 10 are extrapolated to a
-C Pressure of zero, as shownby the solid lines, a value of strain
per g is obtained and is assumed to correspmd to that which wouldbe
obtained if no load alleviation due to wing twist had occurred. (b
most cases, the vsriation of strain indication per g with dynamic
pressure appeared to be linear; therefore, a linear extrapolation was
made.) Thus, two pertinent values of strain per g me obtained for
each gage, one for a condition where quasi-static twist effects are
elimiiiateii(zero dynamic pressure) and
of the gust run (~ pounds per squere
ence strains sxe given in table II and
amplification factors.

For the
tion factors
tion factors
table II.

Amplification

the other at the dynamic pressure
foot). These two sets of refer-
are used subsequently to obtain

Factors

swept-wing airplane of the present investigation, ampMfica-
are determined in two different ways. These two aurplifica-
are based on the two sets of reference strains given in

Amplification factors (with the strain per g at the test dynamic
pressure of the gust run w the reference condition) ~be obtained
from figures 7 and 8 at any strtin level within the reliable rsmge of
the curves by taking the ratio of the vslue of strain in g units from
the curve for the flexi%le airplsme (see point A of fig. 7, for exsqple)
to the value in g units from the curve of the reference airplane
acceleration (for example, point B of fig. 7). lt canbe seen that the
amplification factor varies with the cumulative frequency chosen.

The ratio of values frcmthe curve for the flexible airplane to those
from the curve for the reference tirplane is high at high vslues of cmnu-
lative frequency (low strain levels) and decreases with decreasing cumula-
tive frequency (high strain levels). It canbe shown that this ratio
approaches the ratio of root-me=-squsre values at high levels of strain.
The actual strain level that is important would appe= to depend qpon the
nature of the application.

For present prposes, two values of amplification factors have ‘been
obtained for each of the two reference conditions; one is at a level of’
strain of 2U for the flexible airplme. For exemple, this condition leads
to point A in figure 7(c) andto the amplification factor givenby A/B.
The other value of amplification factor is one determined frcm the ratio

.



10 NACA TN 4107

.
of the root-mean-squsre values (strain to airplane -acceleration). Ampli-
fication factors for both the bending and shear strains were determined
for each of the eight strain-gage locations and are,given in table 11. ●

As indicated in the section entitled “Rough-Air Strains,” the
cumulative distributions of strain peaks presented in figures 7 and 8
were %ormal.ized,” or converted to acceleration units, by use of the
reference strain per g obtained at the dynamic pressure of the gust
run (484 pounds per square foot). The simplificationfactors obtained
from these figures are, of course, for this reference condition. Similar
figures were obtained for the zero-dynemic-pressurereference condition
by the conversion of the cunnil_ativedistributions of strain peaks to
acceleration units with the use of the a~ropriate reference strain indi-
cation per g. Such figures me not presented, but the simplification
factors determined for this reference condition are @ven in table 11.
The simplificationfactors obtained for both reference conditions sre
shown in figures U and 12 aa functions of wing station for the bending
and shear strains, respectively. It is to be noted in figure 12 that
for the front-spsx gage at station 252 for both reference condi.ttons
~d for the front-sm.r gage at station 54 at the zero-_ic-Press~e——
reference condition, reliable values of strain per g in
not be obtained and, therefore, the amplification factors
strain at these stations are not shown.

●

DISCUSSION

pull-ups Coh
for shear

.

.

Inasmuch as the method used herein for obtaining amplification
factors is based on a compariscm of frequency distributions smd differs
from that used in references 2 and 4, a comparison has been made of the
magnitude of the amplification factors obtainedby the two methods. For
this comparison, amplification factors based on the selected-peak method
used in previous studies were determined for several of the strain
chsmnels of the present data. In general, the amplification factors
obtained on this basis were in good agreement with those obtained at the
level of 2aF (fig. ‘7). Figure 13 shows an example of the results

obtained by the selected-peak method. The least-squares line through
the data is also shown and yields an amplification factor of 2.68 for
this case. The value obtained in this case from the frequency distribu-
tions was 2.72 as indicated in tsble II for--wingstation 414, front spar.
Thus, the ratio of “flexible” to “reference” at 2~F yields simplific-

ationfactors which are in good agreement with those obtained from the
selected-peak method. Amplification factors based on the.ratio of root-
mean-squsre values, however, are somewhat lower than those given by
either the selected-peak or 2aF method. _-

“
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Bending Strains
.

.

.

.

As ummsry of the amplification factors obtained for the bending
strains is given in figure 11 and table II.. The results for the front ‘
spar (fig. n(a)) show that simplificationfactors based OH the’root-
mean-square values for the test value of dpsmic pressure (the broken
line with the circled points) increase from a value of 1.07 at the root
to a value of 2.CXIat station 414 and then decrease somewhat at the
most outbosrd station. The amplification factors based on the strain
values at 2~F show a similar trend but have consistently higher values
than those preciously mentioned; the value at the root is 1.16 and
increases to 2.72 at station 414. Me same general situation, except
for differences in the actual values, is seen to exist for the rear
Spar (fig. n(b)). Thus, in general, the amplification factors of the
strains appear to be small at the root but increase to very lsrge values
at the outboard stations.

The results shown in figure 11 for the zero-dynsmic-pressure refer-
ence condition provide a measure of the total simplificationof the
strains relative to a hypothetical rigid airplane, that is, an airplane
embodying no static aeroelastic or twist effects. The amplification
factors obtained on this basis are a measure of the conibinedeffects of
dynsmic amplification and static alleviation due towing twist. For
this reason, a significant reduction exists in the magnitude of the
simplificationfactors obtained. For example, at the root station of the
front spsr, the simplificationfactor based on the ratio of the root-mean-
square values is reduced from 1.07 for the gust-dynamic-pressure refer-
ence to a value of 0.86 for the zero-dymsmic-pressure reference. Since
the latter simplificationfactor is less than 1, a net reduction of the
strain per g in gusts as compared with the strain per g expected in
a pull-up maneuver of the hypothetical rigid airplsne is implied. At
station 414, the reduction is from 2.00 to 1.26. Thus, the overall

effects of flexibility as represented by simplificationfactors that
include Yoth dynsmic and static aeroelasticity are considerably less
than the simplificationfactors which include only the d~smic effects.

Shesx Strains

The results for the rem-spar shear strains are similsr to those for
the bending strains and show relatively small amplifications at the root
snd lsrge simplificationsat the outboard stations. The results for the
front spar show some variations from this general pattern with lager
shear-strain simplificationsat the root than those for the bending strsins.
The reason for the deviation of the results at the front-spar she= gages
from the general pattern is not clear, but the discrepancy may be &sso-
ciated with the fact that the ting twist arising from the inertia loads
of the inboard nacelle has greater effects on the front-spsr root station.

.
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The amplification factors for the shear strains shoqn in figure I-2are,
.

in general, considered less representative of a given region than those
for the bending strains because of the greater local variations normally
encountered for sheer strains in an airplane structure.

.

CONCLUDING REMARKS

A flight investigation in rough air was undertaken on a flexible
swept-wing airplane to determine the effects of flexibility on the wing
bending and shear strains. For the airplane tested, both dynsmic and
static aeroel.asticeffects have a large influence on the bending and
shear strains across the span. The bending-strain simplificationfactors
reflecting the dynamic effects alone are smallest at the root, where the
values sre 1.20 to l.~, and increase rapidly along the span to a value
as high as 2.72. The shear-strain amplifications show the same general
pattern but are less consistent between front and rear spars than those
for the bending gages because of larger localized strain effects cm the
web-mounted shear gages. Amplification factors based on the strain per
unit acceleration in pull-ups extrapolated to zero dynamic pressure pro-
vide a measure of the codbined static and dynsmic aeroelastic effects
and are substantial lower than those determined for dynsmic aeroelastic
effects alone. For the bending strains, these strain amp~fication
factors were negligible at the root and increased to a value of about
l.~ at the outboard stations. The sheer-strain results show sitilar
trends.

The relatively large amplification factors noted in the present
study end their wide vsriation with spsmise location, particularly at
the outbosrd stations, indicate that a detailed snal.ysisof the aero-
elastic effects exe required for the successful prediction of gust strains.
With regard to the prediction of bending strains, it shouldbe noted that
at the root stations the strain records are of an essentially low-frequency
nature and thereby reflect lsrgely rigid airplane motions and bending in
the first mode, which is at approximately 1.5 cycles per second. At the
outboard stations, the strain records indicate considerably more evidence
of the higher frequencies, suggesting that the higher vibrational modes
become more importsmt in regsrd to strains at these locations in the
present case as was the case in NACA Technical Note 4071. A reliable
dynsmic analysis for bending-strain calculations, at these outboard
stations Particdarly, would thus apparently require the considerations
of these higher vibrational modes.

.

.

—

.

.
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The successful anslysis of the shear strains at all stations, which
have frequency chmacteristics similar to the bending strains at the
outboard stations, would also appear to reqtire the consideration of
higher vibrational.modes in the analysis.

Iangley Aeronautical Uiboratory,
National Advisory Cmmnittee for Aeronautics,

~ley =e~, va., June 26, 1937.

.

.

.
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TABLE IM- PERTINENT PHYSICAL CHARACTERISTICS AND

DIMENSIONS OF TEST AIRFIANX

Total wingarea, sqfi. . . . . . . .. s....

Wing span, ft . . .. o.. . . . . . . . . . . .
Wing aspect ratio . . . . . . . . . . . . . . . .
Wing thickness ratio, percent . . . . . . . . . .

t Wing taper ratio . . . . . . . . . . . . . . ..O
Wing mean aerodynamic chord, in. . . . . . . . .
Wing sweepback (25-percent-chord line), deg . . .
Total horizontal-tail area, sq f% . . . . . . . .
Horizontal-tail span, H . . . . . . . . . . . . .
Horizontal-tail mean aerodynamic chord, in. . . .
Horizontal-tail sweepback (27-percent-chordline),
Airplane weight, lb..... . . . . . . . . . .

. . . . . . . 1,428

. . . . . . . U6

. . ...0 . 9.43

. . . . . . . K?

. . . . . . ● 0.42

. . . . . . ● 155.9

. . . . . . .

. . . . . . . 22:

. . . . . ,. 33
,. ..0. 102.9

;eg . . . . . 35
100,000 to 120,000

.

.



wing
station

54
54
252
252
414
414
572
572

TAIiLE II.- AMZIFICATION FAC!l!0R2OF STRAIN

Bending-stialn indication Shear-strain indication

Jhuplification Amplification

factor
FILL-up 2%

factor
Pull-up 2%

factcm level Values at y factor level Valmes at
2% level UR 2% level

%?

(a) (b) (a) (b)
~

Reference q = 484. lb/sq ft

Ilcont

Rear

Front
Rear

Frmt

Resx

Front

Rear

1
Y+ I?ront

Y+ Reax

252 EmJlt
Reax

E Itront

414 Reax

572 Flmlt
572 Reax

0.469
. E!09
.448
.434
.416
.511
. lqj
.251

0.582
1.052

.6~

.6o8

.66o

.653

.291

.kll

0.220
.225
.253
.262

.410

.352

.32b

.297

1.16
1.32
1.45
1.53
2.72
2.26
2.31
l.y

1.07
1.10
1.23
1.28
2.00

1.72
1.58
1.45

0.150
.4$

-----
. W
.320
.160
.427

.163

Reference q = O lb/6q ft

, r

.173

.169

.187

.25A

.276

.203

. l&

0.93
1.01

.97
1.09
1.71
1.77
1.45
1.20

0.%
.84
.&

1:2
1.35

.99

.89

-----

0.550
-----

.339

.478

.217

.579

.232

0.362
.202

-----

.302

.277

.392

.194

.3%

-----

0.183
-----

.165

.185

.28a

.143

.271

2.15
1.12
----
1.89
1.62
2.42
1.21

2.00

----

1.01
----
1.04
1.08
1.78

.@
1.40

aRecord deflectim, inches per g (adjusted for changes in system voltage) .

bConverted to equivalent g units by use of puM.-uQ factor.

1.77

.99
----
1.47
1.35
1.91

l:E

----

O.@
----

.81

.91
1.41

.70
1.32

P
m

. . , . .
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Figwe 3.- Airplane weight ad stiffness distributions.

G



~

15,000

+COO

Equivalent

3,0Q0

concent roted 1

2.,000

Iood,lb

t
I,(Y3O

o

“: k

-1,000

t

Main tank

10,700 lb Center tank

10,500 lb Reor tank

9,900 lb

— — ‘t 1.

rTail effect,

(center of gravity

rearward of
attachment station).

-%ooo~ ,~ do I I t I I I I I I I [
300 400 500 600 700 EcKt 900 1,000 I,loo 1.200 1,300

Fuse loge station, in.

(b) Approx5nate %@@ distribution of’ the fuselage including weight or the pilots, instnmstis,

and average fuel for the guet run.

Figure 3.- Continued.

, I
. ,

I
.



-.

. ,

12)

10

8

Stiffness,

EI, GJ,

lb-im2 6

4

2

0

.

I
Calculated El

---–- Experimental GJ

\

\

\

\

\

\

\

\
\

\
\

___
+-

-

\

100 200 300 400 500 600 700 800 900

Elastic-axis station, in.

(c) Eendhg and torsional stiffness distributions of wing.

Figure 3.- Concluded. B



.-

Racord

0 I 2 3456 a9 m II 121214E3
m7 iec

ddleciim

,.

L,

o I 2 345 67891011 121314

(a)

nm =

Wing strains and acceleration at

Figure k.- Sanpls time histories

,,,
k

Wmg Smtinl SF.X

Riqht nhg

-64 Rear

Lti vhq

54 rmr

54 Fml

2s2 Frtat

2s2 Rem

414 Rem
414 Frml

572 Rem

672 Frmt

54 Front

262 F&t

252

414 Rwr

414 Fmt

572 Ram

Ftmt

center of gravity.

in rough air.

. .
II

El



. , ,

—. -.

‘“StdfOn,Spar

wing a

. ,

Record

da flocfiin

R3md

(iafiBctior

18 406(righti %x

II 406(left) Rear

19 518(rigM) Frunt

20 518(right) Rear

9 518 (left) Frmt

10 51B (left) Rear

21 664(ri~t) Frcmt

22 6S4(rlght) Rwr

7 664 (W) Front

8 6S4(left) tir

6

:

3
2

I

1:

17

12

14

13

m
Station, *r

fyolage b

KY&

249 (right) Rear

276 (l@) [Nmcelln Inboard)

244(bft) Rmr

249 (Iafi) Front

(b) Local wing and fuselage accelerations.

Figure k.- Concluded.



. .

“m’ “;:~nccekmtian

d

.mnfergd :n~:ff~

3 2 4 6 10 12
T?me, SEC

14 16 IS

,%ccd

de flectlm

Rcur

b.

FK.11

Frmt
Ibar

FKd

mr

Fraii

0 2 4 6 8 10 12 14 16 18
I Time, aec

F@rre 7.- !lYLe histories of wing strsinS and accekratim at center of gravity in typical
pull.-up.

. , , ,.
I

*
,1



* , t a

f

Stauiy

●
a.

m7whd.d lev’d~
—

v
c

Figuxe 6.- Illuatrative strain time history showing method of count.



26 NACA TN 4107

.

.

103

102

Cumulative

frequency

10 -

\\ \

1,0

(a] Wing station 54.

I03

B
I02

\
Curnuiotive

frequency

10 ,

Lo I I

b

(b)Wing station 252.

\

(c) Wing station 414. (d) Wing stotion 572. ,

02 9 .6 .8 1.0 0 .2 9 .6 .8 LO
Acceleration or equivalent strain, an,g units

.

*
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